Decreased absolute tumor blood flow (TBF) measured by arterial spin labeling perfusion imaging (ASL-PI) on 3-tesla magnetic resonance imaging demonstrated the reduced size and growth hormone (GH) secretion of a large GH-producing pituitary adenoma in a 32-year-old man in response to octreotide therapy. The study shows the usefulness of ASL-PI in providing a biomarker of the antiangiogenic effect of octreotide.
A 32-year-old man with a one-year history of visual disturbance was referred to our neurosurgical department for the investigation and treatment of a large and lobular pituitary adenoma that compressed the optic chiasm and invaded to the left cavernous sinus. Ophthalmologic examination showed his corrected visual acuity as 0.7 on the right side and 0.8 on the left with bitemporal hemianopia. He had typical clinical features of acromegaly that included enlarged doughy hands and feet, frontal bossing, coarsening of facial features with increased interdental spacing, and thickened lips. His basal level of plasma growth hormone (GH) was 56.6 ng/mL and of insulin-like growth factor (IGF-) 1, 586 ng/ mL. An endocrinologist (Y.O.) evaluated the patient and diagnosed acromegaly. A test of octreotide suppression (measurement of GH for 24 hours following 100 µg subcutaneous administration of octreotide) showed good suppression of GH (from 79.0 ng/mL to 2.6 ng/mL at 12 hours). Because of the tumor's invasiveness and good response to octreotide, we administered 20 mg of long acting octreotide acetate for injectable suspension (Sandostatin µ LAR, Novartis Pharmaceuticals Co., East Hanover, NJ, USA) before surgery.
The patient underwent conventional magnetic resonance (MR) imaging that included coronal and sagittal fat-suppressed T 1 -weighted imaging (T 1 WI), fat-suppressed T 2 -weighted imaging (T 2 WI), contrast-enhanced fat-suppressed T 1 We obtained his written informed consent prior to each MR studies. To estimate tumor size, we averaged its 3 maximal dimensions (anterior-posterior, right-left, and superior-inferior) as determined by contrast-enhanced fat-suppressed T 1 WI. 1 We also referred to those T 1 WI findings to calculate the mean absolute tumor blood flow (mTBF, mL/min/ 100 g) in a region of interest (ROI) at the maximal axial cross-section of the pituitary adenoma on the ASL-PI map. To evaluate normalized tumor blood flow (nTBF), we calculated the perfusion ratios of tumor to healthy tissue by dividing the mean value of the tumor ROI by the mean value of ROIs in the bilateral cerebellar hemispheres (approximately 2.5 cm 2 each). MR imaging after the administration of octreotide demonstrated a remarkable decrease of tumor size (mean maximal diameter, from 4.6 to 3.6 cm) coupled with suppression of serum GH (from 56.6 to 1.53 ng/mL). The response of the pituitary adenoma to the octreotide was successfully reflected by the decreased mTBF (from 115 to 32 mL/ min/100 g) and nTBF (from 2.2 to 0.7) (Fig. 1) . We used a combined supra-and infra-sellar approach to remove the tumor. At surgery, the tumor was hypovascular and relatively firm. After surgery, the patient recovered from his visual disturbance, and his plasma levels were 0.87 ng/mL for GH and 158 ng/ mL for IGH-1. An experienced pathologist (S.B.) examined hematoxylin and eosin-stained sections and immunohistochemical stains against adrenocorticotrophic hormone, prolactin, GH, luteinizing hor- mone, follicle-stimulating hormone, and thyroidstimulating hormone and diagnosed GH-producing pituitary adenoma. We immunostained the tissue section with somatostatin receptor (SSTR) 2, the most relevant receptor for octreotide binding, using the monoclonal mouse antihuman SSTR2 antibody (clone # 402038, R&D system), and observed it diffusely positive.
Discussion
Angiogenesis, the process by which new blood vessels are formed from pre-existing endothelial cells, plays a crucial role in tumor growth in promoting oxygenation, nutrient perfusion, and the removal of metabolic waste. 2 Recently, it was proposed that endothelial cells establish a vascular niche that promotes tumor growth and tissue repair through an angiocrine mechanism by promoting stem and progenitor cell-active trophogens. 3 Vascularization in the pituitary gland, unlike other tissue, is lower in adenomas than the normal gland. 4, 5 Nevertheless, a relationship between angiogenesis and tumor size, invasiveness, and aggressiveness has been shown in some types of pituitary tumor. 4 -6 Inhibition of angiogenesis may become a target for therapy of these types of pituitary tumor.
Somatostatin is a peptide widely distributed throughout the central nervous system and peripheral tissues. The efficacy of somatostatin analogues in inhibiting tumor proliferation and hormone secretion depends on the tumor's expression of specific SSTR subtypes. 7 Available data suggest they might inhibit angiogenesis directly through SSTRs on endothelial cells and indirectly through the inhibition of growth factors, such as vascular endothelial growth factor (VEGF). [7] [8] [9] Vidal and colleagues evaluated microvascular density, a histopathological biomarker of angiogenesis, in various types of pituitary adenoma and showed a tendency for lower microvascular density of GH-producing adenomas treated with octreotide than those untreated; the ocreotide is a somatostatin analogue that acts through selective binding to SSTR2 and reduces the serum concentration of GH and IGF-1 in most patients with acromegaly. 10 Ideally, measurement of the biomarker of angiogenesis should be relatively easy by imaging. Although the utility of molecular MR imaging of VEGF (alphaVbeta3-targeted MR imaging) and VEGF receptor 2 has been reported for evaluating tumor angiogenesis in rodents, these methods have not been used in clinical settings. 11, 12 ASL-PI involves the magnetic labeling of the spin population in arterial water by inversion and its use as an endogenous diffusible tracer; this is a promising MR imaging-based method that leads to quantification of cerebral blood flow (CBF). [13] [14] [15] [16] A recent report of the technique's application to pituitary adenomas showed a correlation between tumor blood flow and microvascular density using immunohistochemistry for CD-31 antigen, a reliable marker of endothelial cells.
1 Treatment of our patient with octreotide LAR 2 weeks before surgery resulted in the remarkable reduction of tumor volume and blood flow coupled with decreased serum GH. We believe this is the first report that reveals the efficacy of ASL-PI in evaluating the antiangiogenic effect of octreotide on GH-producing pituitary adenomas.
In this study, we did not measure arterial blood transit time, which might be changed before and after the administration of octreotide. Its measurement would require the protocol to have varying post-labeling delays, which would prohibitively increase scan duration. 17 Although further investigation is necessary to measure precise tumor blood flow using ASL-PI, such a labeling protocol might not be necessary to assess tumor angiogenesis in clinical settings.
In conclusion, ASL-PI has the potential to evaluate the effect of such antiangiogenic drugs as octreotide on pituitary adenomas. Although our findings require confirmation in larger prospective studies, we believe ASL-PI may greatly aid the management of patients with pituitary adenomas treated with antiangiogenic drugs.
